Metal-air accumulator with air electrode protection device The present invention relates to a
rechargeable metal-air accumulator 5 comprising an air electrode, an oxygen-releasing electrode and
an automatic device for protecting the air electrode during the charging and discharging phases of the
accumulator. The invention also relates to a method for storing and releasing electrical energy using
such an accumulator. Metal-air batteries use a metal-based negative electrode, the metal being such
10 as zinc, iron or lithium, coupled to an air electrode. When discharging such a battery, molecular
oxygen is reduced at the pgfi%\)/g‘electrode jr}d the rl’petal ils %xidcized att the n@gaﬂve electrode: 02 + 2
H20 + 4e- 4 OH: M M + ne- 1580th AELrouas mos c%'ﬁ*fr’n%cnr)‘/} CORALEE L ﬁﬁ‘éeaqueous
electrolyte. Zinc-air batteries are marketed for use in auditory prostheses for example. Many
studies have been carrjed out for several Ud%cardia% to g(()—:'vgalog ‘?nqrggrpize {air[]_ gleqtr\qdes,]t,r{lat enable
the production of metal-air électrochemical generators, which areknown 10 théif highenergy density

that can redch savepals2@:hundiredsofddth/ka.oxygéirrelenthod es: bavésthedagvantagetof deing:able to

use oxygen from,{ng air a5, (ng,2dizing. agent gl ine slechiochemical reduction, alf being ayailabie in
quantities'anywhere and at any time. ge reaction‘surface area’is however necessary,
because the densitymofloxygehhin aivisiiow (G103 mialds).tFhe poanbud Solidstébstructdirecofaing
electrodes provigqgttpcigl Ig{g!% re&%ign %HQ:%C% 9%?)‘1&'%& air electrode is a porous solid structure that
contacts the quun:? eiectrollyte‘,ygene%‘aﬂi/ ah aikaline aguéous solution. The interface between the air
electrode and the liquid/elettrolytetisiassocalled diriple: dontactV intledacéewhena¢he activesnvdterial of

the electrogde, the gaseous oxi i in%a ent Q({‘Q the quq;q lectrqlyte are simultaneously. present. 30
The reader mayafgefér}rtfdftgx%\foﬁéq[o ’théugrﬁcleﬂtz)lf/} \a/l.rlﬁett%% ﬂ:‘%ﬁ%ettna?} 3 ‘}Iéi}flé‘%/vs%cn}a%rbgg‘fﬁgdes for

zinc-air .fuel cellsidoumaiofPower Soadceskopof2010}) pagds 127 the bRl feraidescriptibn of the

various types of air @egtrpdgs 5h,at can be used in zinc-air accumulators. However, air electrodes
. !]"_EILEE(,I”)Q. . . . . .
have a considerable drawback, which is their great fragility when they are used when recharging the

accumulator. Specifically, thethiveleeiroed has a porous structure and operates as a volumetric
electrode in which the ﬂeﬂrgghgng}ical reaction takes place in the whole volume of the electrode, at the
interface between the gaseous oxmﬁzing agent, the liquid electrolyte and the solid active material (triple
contact). Ihthe chargingophabe{rgdseoustimolecaldy oxygen is fokaled withiouthd strudtuee of the air
Qrous structure of the

electrode. This 93360%&9*-%9@&@@93'crrc@%ua';l Jfeehanical %fsc$1[UCt.i0QI%g£Q§cE.t ATPIC
air electrode by breaking the bonds between the grains of carbon andf the Used bin mgppolymer.

Many studies have been carried out for several decades to develop and
optimize air electrodes, that enable the production of metal-air electrochemical
generators, which are known for their high energy density that can reach several

20 hundreds of Whikg.

Air electrodes have the advantage of being able to use oxygen from the air as
the oxidizing agent of the electrochemical reduction, air being available in unlimited
quantities anywhere and at any time. A large reaction surface area is however
necessary, because the density of oxygen in air is low (0.03 mol/L). The porous solid

25 structure of air electrodes provides this large reaction surface area. An air electrode is
a porous solid structure that contacts the liquid electrolyte, generally an alkaline
aqueous sojution. The interface between the air electrode and the liquid electrolyte is
a so-called “triple contact” interface where the active material of the electrode, the
gaseous oxidizig agent and the liguid electrolyte are simultaneously present.

30 The reader may refer for example to the article by V. Neburchilov er al. “A4
review on air cathodes for zinc-air fuel cells 7, Journal of Power Sources 1935 (2010),
pages 1271 — 1291 for a description of the various types of air electrodes that can be

used In zinc-air accurnulators.



10Moreover, the corrosion of the carbon in the presence of oxygen via carbon oxidation is also
accelerated at high potentials (see the article by Kim J., Lee J. Tak Y., "Relationship between carbon
corrosion and positive electrode potential in a proton-exchange membrane litel-cell during start/stop
operation” (2009), Journal of Power Sources, 192 (2), pages 674 - 678, and the chapter "Carbons" by
Kinishita, K. 15(2007), in the Handbook of Battery Mateérials (ed. ,1.0. Besenhard), Wiley-VCH Verlag,
(ImbH, Weinheim, Gerrharwgver, aThédczwedrt@ﬂwha\zecabssd@b@dwécktﬁatchxygénhrédUutiomeatalysts
incorporated in I eIe ,at the surface of th carbo ralns are no abe h|

potentials neces[psrgif?lf%r the lﬁg\}(}eé?]sgrtéﬁcfé{lo% (f}éééﬁon g’ome auth ué’r}él d}:\{{;e%b Lﬁslé (;?rhe resistant
oxygen red uctlonl@ata@&si@mupted%@tammwged-vetﬂamngscataiyshmra kilfuinctional-eledtrdde
composed of twaeleckieall-counlar IRvate, (6.5 SR08 R79) Hiowever s canfiguraio produces
electrodes havmg ort i etlme an imited number of cycles nother known so?utlbnt }hls
problem of deterigration @ﬁthetmrtb‘tegw@de%?@\dmng tigemechargmgdptﬂasmdj’mheratcthmubmbr is the
use of an oxygep-releasi { second posit troge that does not under
deterioration dué&t{ogt q‘emgflgrfalltl(grg gé%) a?rgc?yyg&e:iﬁ hIEFﬁa‘qte%ﬁir lgés Ogéglg ‘gsgﬁ es]s]Jch a
rechargeable ac&umcﬂ!a‘mtneﬁi]@rrslmgtarﬂ@gajmweleldcmml@e drhaiizelectrodeyand apidkygen+eleasing
electrode (called .30, auaflian sleaiiode) When.chargine. e aecymilaior dascrbe.n. this
document, only the negative electrode an t e}oxygen releasing electrode (aUXI ary electr o?e) are
connected. Whéprdisdharging trecacosmitatbe we dperasinghmddusralgused: 3 a first normal”
operating mpde where gk dhe alfelegliode.CReRles Wil inainegaue. elsctiode, g sgeand "high
power' operating mod ere the two posmve electrodes air ele e an ifiary e fectro e)
operate jointly. 0\fd‘ﬁéﬂAppﬂban:tthablmbnb@héllgbﬁmb@m@dmﬂthelSyhtém &sidésdnb?eﬂ iﬁakJS 3532
o48 does not allgw tof SRSIVRPIRIREIAN 01108 2, £IREeGR, SReailcalll, WORD, Bl e Star of the
discharge, the voltage between]t he two accumu ator termin too |gh t 6 air electrode may
undergo electroghieimicaldeterioration 10 AvoordihgiartheApplicants kiowled§é thid deterioration at

the startof the p e sources, 192 (2), pages 674 — 678, and the chapter “Carbons” by Kinishita, K.

15 (2007), in the Handbook of Battery Materials (ed. J.O. Besenhard), Wiley-VCH
Verlag GmbH, Weinheim, Germany).

The 1nventors have also observed that oxygen reduction catalysts
incorporated in the air electrode, at the surface of the carbon grains, are not stable at
the high potentials necessary for the reverse oxidation reaction. Some authors have

20 used more resistant oxygen reduction catalysts, coupled to an oxygen-releasing
catalyst in a bi-functional electrode composed of two electrically-coupled tayers (see
US 5306 579). However, this configuration produces electrodes having a short
lifetime and a limited number of cycles.

Another known solution to this problem of deterioration of the air electrode

R
h

during the recharging phase of the accumulator is the use of an oxygen-releasing
electrode, 1.e. a second positive electrode that does not undergo deterioration due to
the formation of molecular oxygen.

Patent US 3 532 548 describes such a rechargeable accumulator comprising a
negative electrode, an air electrode and an oxygen-releasing electrode (called the
30 auxiliary electrode). When charging the accumulator described in this document,
only the negative electrode and the oxygen-releasing electrode (auxiliary electrode)

are connected. When discharging the accumulator two operating modes are used:



discharge had not been detected until now and in any case is not taken into consideration in document

US 3 532 548. The aim of the present invention is to ensure effective protection of the porous air
electrode of a metal-air accumulator not only during the charging phase of 15the accumulator, but also
during discharging. This aim is achieved in the present invention by virtue of an automatic

protection system that constantly monitors the potential between the two accumulator terminals,
particularly at the stafisf thedisthamgesand onlic coharects hehainelettroce wviyamtiris patential is low
enough to remove any. ! risk o Lmte ‘I;Fanlc | or 20chemical deterioration of the air electrode. One

{Ive electio
subject of the presentinvention Is ere ore a rechargeable accumulator comprising one or more

metal-air cells, each cellcahiprisingoadiitstiemiingl @aoedca skosnditerminadsitive almetadaegative

electrode for a metakay ¢all s9NNesiad e SHJBINal AR, a st positve oxygen eleasing

electrode, a secona positive e ectrod ichis orous air € ectrode containing at least one oxygen
reduction catalyst, andThan éleptrolytehascontrohriesnsadaptediiot cortinyguslysodypardedeimeasured

TN ot o il gt AU Sl AR LR et

send a switch S|gnaf to SW|tch|ng means when the measure ge falls b&low the se point
voltage (V,), 4 -Shedwitlhingmeans tdemgraciamethdodtecbmgea gwitchisignabariginatihg frem the

ContrOI means a«ﬂ(%t‘iﬁ?ﬁgll&egl'%ﬂgdgﬁslﬁog)%eﬁ H;le[ iliec(:,tlfv(, lﬂérom hel_lggicl:lgrrg}dtﬁtt.ll OL%LH] The

accumulator of the present invention t erefore’ comprlses In eac ts cells; three types o%eiectrode:
a negative electdgtizipetmanently connected to the first terminal. i.e. dtiring the charging phase and
the discharging phase

'According to the Applicant’s knowledge this deterioration at the start of the
discharge had not been detected until now and in any case is not taken into
consideration in document US 3 532 548.

The aim of the present invention is to ensure effective protection of the
porous air elecirode of a metal-air accumulator not only during the charging phase of

15 the accumulator, but also during discharging,

This aim is achieved in the present invention by virtue of an automatic
protection system that constantly monitors the potential between the two accumulator
terminals, particularly at the start of the discharge, and only connects the air
electrode when this potential is low enough to remove any risk of mechanical or

20 chemical deterioration of the air electrode.

One subject of the present invention is therefore a rechargeable accumulator
comprising one or more metal-air cells, each cell comprising
- a first terminal and a second terminal,

- a metal negative electrode for a metal-air cell, connected to the first terminal,

25 - a first positive oxygen-releasing electrode,
- a second positive electrode, which 1s a porous air electrode contaming at least one
oxygen reduction catalyst, and
- an ¢electrolvie,
- control means adapted to continuously compare the measured voltage (V) berween
30 the second terminal and the first terminal to a setpomt value (V) and to send a

switch signal to switching means when the measured voltage (V,,) falls below the

setpoint voltage (V.),



a first positive electrode that, in one embodiment, is continuously connected to the second terminal or
that, in another embodiment, is connected to the 10 second terminal in alternation with the second
positive electrode, i.e. it is disconnected from the second terminal when the second positive electrode
is being connected, and an air electrode (second positive electrode) that must be protected from any
deterioration and that is connected to the second terminal only during the ISsecond discharging phase
when the potentiattipetweenigotheterrinals isidpwdenoughive a ?qucmre‘eemi mvemtion@lsom the

encompasses variants where one or more of hes Iectrod s.are present |n aiplure}hy of coales orin
e imeans a 10 L?ellntt)f(, Iiﬂ SL()HI’}C the a E‘ L (.L'f' o £ SCCC

a plurality of parts(.’(i\l)len on may be ma examp Ie of & célwith aS|n e negative
plate-shaped elecode@20 two air electrodes S|tuated on elther side of the negative electrode and
two metal positive elecgodes ox%{ ele]asn electrodesz) Si d between the. Plate she

He dcchm I ;")l%lshnl INVENion F Ore coniprises,. ih.eacl
negative electrode and both air ele Ctrodes. e negative electrodé may in principle be any metal
electrode widelycoBediinaigtakail deligoltamay for example be an iron, lithium or zinc electrode,

preferably a lithium e'%“%ggu%/'-i ;I1 gocar e%'xgﬁagxl trode Z[néZn(%l—Lj)ﬁlst) ar mdprlecpr(elgerablyazmc
electrode. The first posﬁlve oxygen-releasing e1l ettrode may, for exampf be A'siver elettrode

(Ag/AgO) or a nickel elémmd@(hg/ph@sonmameldmt(&@@)lgrpuaeeeIectrochem|caI cell, this electrode,

preferably a nickel electrﬁge %’9 jca Igmqs a9 J B”St;“rgn%o dﬂ?&f; ated @ﬁ)gt uct%re and itis
generally situated between the negative electrodé a d the air e ectrdde e per ed s%ruc ure of

this electrode serves, as ithis kvowh (torenslie tﬂneifree @aebezgemmdeiwnsmwent&mmml|q1sud

electrolyte petween heNedd e sieaAIeANGINS AlAsRUadedunnd dleeharding:. o o ;The second
positive electrode iS a porous air electrode eS|gned to allow triple “cBntact between thé electrolyte the

gaseous oxidizing agedt*‘andlmedlrdraohvemnériatmﬁwiev@ectﬂed&d@mdawbe‘ohoheen inl¢principle
from among all those utqu ygee e art, and especially from those described in the article by
5Neburchilov mentlone ove. et ﬁ['"h}&ls(?s preferably an electrode obtained by aggregation of a
carbon powder compoeedimftdarbodcgﬁ“amm{/m‘alhagwsuhfa@:é a]nemrsucrhvtas!meqmddumvmgae

XC72 marketed by Cayar, e s Suface.aisa. e cabon Mat e Ine SRy v igagion with a
t

gas such as CO2, prior to its incorporation into the air electrode.
15 second discharging phase when the potential between both terminals is low

enough.

The present mvention also encompasses variants where one or more of these
electrodes are present in a plurality of copies or in a plurality of parts. Mention may
be made, by way of example, of a cell with a single negative plate-shaped electrode,

20 two air electrodes situated on either side of the negative electrode, and two metal
positive etectrodes (oxygen-releasing electrodes) situated between the plate-shaped
negative electrode and both air electrodes.

The negative ¢electrode may m prineiple be any metal efectrode widely used in
metal-air cells. It may for example be an iron, lithium or zine electrode, preferably a

25 lithium electrode (Li/LiOH) or a zine electrode (Zn/Zn(OH ™), and more preferably
a zine electrode,

The first positive oxygen-releasing electrode may, for example, be a silver
electrode (Ag/AgO) or a nickel electrode {(NI/NiO or NIOH/NIOOH). In the
electrochemical eell, this electrode, preferably a nickel electrode, typically has a grid

30 structure or a perforated plate structure, and it is generally situated between the
negative electrode and the air electrode. The perforated structure of this electrode
serves, as it 1s known, to ensure the free passage of the constituents of the liquid

electrolyte between the negative electrode and the air electrode during discharging.



10 The high specific surface area of the carbon grains is critical. Indeed, the higher it is, the higher the
current density per unit of geometrical surface area of the electrode. The porous electrode is
manufactured by aggregating the carbon grains using a binder which is preferably a hydrophobic
fluoropolymer such as FEP marketed by Dupont. The application WO 2000/036677, for example, gives
a detailed description 150f an air electrode for a metafair accumulator. Furthermore, the carbon
particles-based air elettrodecprieferably cantainsiatleasponaoxygerdeducidgstatalysb Thissoxygen
reducing cataly[st,i:i prefegq?l c%hpsen{_froql the r_quplforrjned‘ bé m)é\‘lla%anesq_oxide n cqblalt oxide.
These catalysts, 4l 5198#1‘1%%?&%3 Ve SIEHSNE el G BR AR S WA Eh 88 B0 8688190 to
overly high potentials andthe adufomatiaprtectiondavidgeafithe present inventiennioameaddy the
combination of S\gcg[glrol {Qg%ﬁ;ﬂ%@d% svgg]tghirgg Means, deS(ﬂ}i'bgg g more detail below, js therefore
particularly impSHARPwWHER thesd oxgeA e diemg catalyils M8ttt FRE bt By i Vg8 a9y
preferably an alkabne:hdoeousiedectialyte«contacting 25 all the electrodes in the cell. In certain
embodiments, for exar{JFilg iiSn tp&cgﬁe vg][)er]g %I)igliu)%}ele‘c rgde is gggtd as negatiye elect[%ge, it may
be necessary to separate ph)}%icé'ﬁy, as’is Kifown, the éléﬂﬁ’eo et f/?é] 6 THE ﬂ’éd’é‘t‘ﬁ/ "électrode
with a lithium iomegndudtingcadtichetestnelytah thaigbntiahmeans, used inthe gresent invéntion must be
adapted to co 30 conti Q\L;f.l the measured voltage _Vm)% etween the ;se%ond terminal and the
first terminal tgggépﬁﬁ%ﬁﬁﬁé z c?gqjh?]s%e B%){ihf%/éfﬁg %‘ 1‘a(§re & ébrg‘r?}glé%l?é"\}/éﬂ?é f A'Tefevshice
voltage providebiybyeacstabiizédvoltagelsaurCel, povered iy e hattaiyromny di extetnalrbadtery. It is
preferably. set tct valye slightly lower than the, open, 6 circuit cell yo[‘g%g in }%e charged state when
Oty the i eloch S SBhe L B S O e Uiy SRE 0L I IRt batery
Preferably, an electramechaniceaicreldyrafivem:byan dperatienatAnplifier withbe usediasteogantrol
means. Such an. tpera}t(i)oga{;]gr{l Qliﬁi:egsismr_ggy?%%defg exam r!:eyat% né'\gﬁgoq 2 Sneryriclr)ndugtor under the
reference LM324, and Will be describ&d in more de amvf%ﬁé?e ferice 1o ﬁ@ur% 281 KR(ther subject
of the present ihwehtionlisch metloc folystohindy aric relefsingpelectrical energy Risingde@dcdumulator
such as descnbﬁgp%%gvﬁie application WO 2000/036677, for example, gives a detailed description
15 ofan air electrode for a metal-air accumulator.
Furthermore, the carbon particles-based air electrode, preferably contains at
least one oxygen reducing catalyst. This oxygen reducing catalyst is preferably
chosen from the group formed by manganese oxide and cobalt oxide. These
catalysts, although very effective, are however deactivated when they are subjected
20 1o overly high potentials and the automatic protection device of the present invention,
formed by the combination of a control means and a switching means, described in
more detail below, is therefore particularly important when these oxygen reducing
catalysts are used.
The electrolyte used is preferably an alkaline aqueous electrolyte contacting
25 all the electrodes in the cell. In certain embodiments, for example in the case where a
lithium c¢lectrode is used as negative electrode, it may be necessary to separate
physically, as is known, the aqueous electrolyte from the negative electrode with a
Jithium ion conducting solid electrolyte.
The control means used in the present invention must be adapted to compare
30 continuously the measured voltage (Vm) between the second terminal and the first
terminal to a sefpoint value (Vc). This setpoint value is for example the value of a
reference voltage provided by a stabilized voltage source, powered by the battery or

by an external battery. It is preferably set to a value slightly lower than the open



This method comprises the following successive steps: 10(a) a charging phase during which the
negative electrode is connected to the first terminal, the first positive electrode is connected to the
second terminal and the air electrode is disconnected, (b) a first discharging phase during which the
negative electrode is connected to the first terminal, the first positive electrode is connected to the
second terminal, the air 15electrode is disconnected, and the control means continuously compare the
measured voltager{Mim)dietwrere bntihdéermigals data setpoint vahde: (Ve)ecfed & fitstswiiehing step
during which the gecopq f@SFiV? electro ehwhich IS, t(}e air jl ctrode, is connected to the second
terminal when tHe VAILS' 6f tHaVOIRAGE BEtNSEh Bt teriRis¥A4HE BEBWRE setpoint value (V,), 20(d)
a second discharging ghaseduying whishihechegative: riediiode bs aanneciddita thepfirstterminal and
the air electrode, is cogne‘c‘te\d to the seco d terminal, atmd "(eF;“Ei ond swi[%th% . step durjng which the
air electrode is disconnéctedfrom e Sacond Ehinal" e APPlILahi CBREIGESS Hat 1hE'Ridtession of
steps (b) and (c)yieothe Swonic 2k cannestionibé thé-aineldcicde, atrithevtart afcthel sigchargecthe
continuous mongg{éﬂq of the decreas%in the voltage between both terminals by an appropriate control

means, then the conné*’(':[t}i}oﬁ%fcfﬂ%{?atugr efeCirode only when the absolute value of the potential

difference between theAerminaleas bédemesufficientlyidow; effeativelyoproteats the ad«lgatrode and
constitutes the c,_cint_gbgtf'on of the Eresent 30in\{ention 0 thg state %‘ he art. In other words, at the
yarge, a 308 SHERWEEN both terminals is higher

start of the discharge, as B%T(f:éélst he SbsonitaVatie s the V(e)f’f:arbe
than that of the setpointvaluefod domprises the following successive steps:

10 (a) a charging phase during which the negative electrode is connected to the first
terminal, the first positive electirode is connected to the second terminal and the air
electrode is disconnected,

{b) a first discharging phase during which the negative electrode is connected to the
first terminal, the first positive electrode is connected to the second terminal, the air
15 electrode is disconnected, and the control means continuously compare the measured
voltage (V) between both terminals to a setpoint value (V.),
(c) a first switching step during which the second positive electrode, which is the air
electrode, is connected to the second terminal when the value of the voltage between
both terminals falls below the setpoint value (V,),
20 (d) a second discharging phase during which the negative electrode is connected to
the first terminal and the air electrode is connected to the second terminal, and
(e) a second switching step during which the air electrode is disconnected from the
second terminal.
The Applicant considers that the succession of steps (b) and (¢), i.e. the non-
25 comection of the air electrode at the start of the discharge, the continuous
momitoring of the decrease in the voltage between both terminals by an appropriate
control means, then the connection of the air electrode only when the absolute value
of the potential difference between the terminals has become sufficiently low,
effectively protects the air electrode and constitutes the contribution of the present
30 invention to the state of the art,
In other words, at the start of the discharge, as long as the absolute value of

the voltage between both terminals is higher than that of the setpoint value (for



example V, = 1.44 V), the air electrode remains disconnected and does not run he risk of being
deteriorated by an overly high potential difference. In the case where a first positive electrode
based on nickel (Ni/NiO) is used, the voltage at the start of charging is typically equal to 1.7 V. 5When
the value of the voltage between both terminals, measured continuously by the control means, falls
below the setpoint value (1.44 V), the control device seéhds a switch signal to the switching means with
the aim of finallyceannpéeting-theddinslecirade dthedecong dermitalnfhedainaldotrodetnpay figmain

connected until theken of th glsgha}r% g ste JI he unti| the ({alré of the next charging phase. The
disconnection (sriep {e) e air erectrode e oer &“Héjﬁtt%ﬁé §%§f)“(step (a)) may be achieved

manually or, preferablyjratitomaticallyrthidughgeitral eheansiassesiasadwithl the: switghingsmkgans
carrying out the fhrst SWItChIn step st?& %“21 ). of th(Ia met od acc’ord négvo the invention 15In the second
discharging phase durlﬁﬁ' i S%ﬁ‘gé Sirerectiode | pc‘fﬁ%%c%& to’the second terminal, the first positive
electrode may be conn&dted oﬂadlsmhmecmed M hethierdhe Hirst positivel elecirm@lelis camaemte@l or

disconnected of course dey d pends on the st ucture ofﬂg %Wftchl means. In (Ug ent of the

d
COl 11"1uou R the L(}I’IU‘O ne SEIDQINE v
present invention, the swi (:W'Ilnﬁ means Is adap ed tO |sconnec ffr’s posiI |ve 6]?%he

second 20 terminakréh dnothercetbodintehts the: switdling mbeans is:adapted man@ﬁﬁiﬁtﬁnmle;zt the

first positive electrode {rom the second 3er{'mnal whic theref(i)re remains continuously connected to
=y ]11“& e, air electrode 10 the second termin
the second termlna othduring charging and disc arging The invention will now be described

in detail with reference tbd¢her appended25figuras wwiucﬂ@d unfi gﬂr@cha&)a Smhematmodn@gnam of one

embodi en? fa cel of an CC mulator of the reseqtl ention, 2 IS a f]e atic diagram
of a contro ?neahté' éirr\“q ' a sw&c ﬁlﬁl%t’rﬁiégn{'g T q?egdc}e%/lcgl é(rmpnrb eﬂc mgtﬁQe(‘éﬁr% f6de of the

present |nventlonlceﬁﬂhéacmmilthenascm’runLat@r emmpjmses( ayirsiatertminahtcand amsecohd terminal 2.
During discharge o{ th% accu a[tor thﬁ first terml ! isan %atlve terminal and the second terminal is
rF crably; dutomaticaliy throtgh control means associated with the switching means
a pOSItIVG terminal.
carrying out the first switching step (step (¢)) of the method according to the
invention.
[5 In the second discharging phase, during which the air electrode is connected
to the second terminal, the first positive electrode may be connected or disconnected.
Whether the first posttive electrode is connected or disconnected of course depends
on the structure of the switching means. In one embodiment of the present invention,
the switching means 1s adapted to disconnect the first positive electrode of the second
20 terminal. In another embodiment, the switching means is adapted to not disconnect
the first positive electrode from the second terminal, which therefore remains
continuously connected to the second terminal, both during charging and
discharging.

The mvention will now be described in detail, with reference 1o the appended

I~
L

figures in which

figure 1 is a schematic diagram of one embodiment of a cell of an
accumulator of the present mvention, and

figure 2 1s a schematic diagram of a control means and of a switching means,

forming the device for protecting the air electrode of the present invention.

Lad
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The cell of the accumulator comprises a {irst terminal 1 and a second terminal
2. During discharge of the accumulator, the first terminal is a negative terminal and

the second terminal 1s a positive terminal.



8 'The first terminal | is connected to a first metal electrode 3so-called negative electrode, made of zinc
or lithium for example. The second terminal 2 is coupled, via a switching means 7, to an
oxygen-releasing electrode 4 or to an air electrode 5. During discharge of the accumulator, these two
electrodes form positive electrodes The oxygen-releasing electrode may for example be made of
nickel. The air electrode is a carbon-based porous eleétrode containing an oxygen reducing catalyst at
the solid/gas interface. Tihsefoatalystimayibe mangardse oxifiestomeobaltaxidé: Thehthreeceléatrodes 3,
4, 5 contact at least ane ref rably a Oalk line agueous electrolyte. The two positive
electrodes 4, 5 ajrce"éo\ubpz %o ahé:-:‘ngéac{bﬁd/tlgrcrr{ijl]rrtatiL uEtrt]t]roug Xale(/%\}?tf:hlng means 7. in the embodiment
shown in figure 1 the sWitchingidalesn?imre Exclusipé;d, efﬁthe)mmnherg tecaninal, 2ceithertpdihe
oxygen-releasing. gl eettpg% 4: 9119 the air electrode 5 15T ma%%u Lti?(rrcac d|n to the invention
further comprises control means 6, adapted to measure contlnuous he~ol ta & Pweeﬁ both
terminals 1 and ®advo sertedswitchgignaiodketswitehing means 7 and thereby control the
connection or disconnegtion of dlar itive electrode, The control means are shown
in more detail in flgureelg%gﬁy g?é?t%é‘%b tabcg}re%u%%? P?treegglt (;?antE Vo tg{é]{“e(( , i,L }\s{'supp ied by a
stabilized voltage sturde 18 conariectddwdtpweenstk firstitecmitvaningnh anw:atmeimptg ofitatyst
operational amplifier, e r ed 1o a posi erational
afnpllfler 9, Whlg‘g{ ﬁe%%ﬁ??‘s‘%a %g%}gfég ? H.(%renc%})etw"igtc %&%“T‘gilrlpt?uté Mlgh'us the se(t)ﬁbél)nt voltage is
subtracted from the voltagelivetwdesitide 23 . fitstStexmine andkthe secohd teimingtrdAdnel thenvoltage
measured thweﬁp ), poth terminals dﬁ&gt&al to the setpoint voltage, the difference measured by the
operational am et een the voltages applied to both inputs. In addition, the control means 6

comprise a transistor 10hadtvigrasitswitettindaschirfentlooppbatwedn twootelmemalslz dmduid.

switching means 7. In the embodiment shown n figure 1 the switching means 7 are
exclusive, i.e. they connect terminal 2 either to the oxygen-releasing electrode 4, or
to the air electrode 5.

15 The accumulator according to the invention further comprises control means
6, adapted to measure continuously the voltage V,, between both terminals 1 and 2
and to send a switch signal to the switching means 7 and thereby control the
connection or disconnection of one and/or the other positive electrode.

The control means are shown in more detail in figure 2.

20 A reference voltage, equal to the setpoint voltage (V.), is supplied by a
stabilized voltage source 8 connected between the first terminal 1 and a negative
input of an operational amplifier 9. The second terminal 2 is connected to a positive

mput of the operational amplifier 9, which measures a voltage difference between

both mputs. Thus, the setpoint voltage is subtracted from the voltage between the
25 first terminal and the second terminal. When the voltage measured between both
terminals 1s equal to the setpoint voltage, the difference measured by the operational
ampiifier between the voltages applied to both inputs.
In addition. the control means 6 comprise a transistor 10 acting as a switch in
a current loop between two terminals 11 and 12.
30 When the voltage V,, between both terminals 1 and 2 of the accumulator is

higher than the setpoint voltage V., the operational amplifier sends a given voltage to
the base B of'the transistor 10. The transistor 10 then fwmns on and allows a current to

pass between its enutter £ and 1ts collector C.



30When the voltage V," between both terminals | and 2 of the accumulator is higher than the setpoint
voltage V" the operational amplifier sends a given voltage to the base B of the transistor 10. The
transistor 10 then turns on and allows a current to pass between its emitter E and its collector C. 9 In
addition, the control means comprise a coil, or an inductor, 13. When current flows in the current loop,
the cod generates a magnetic field. For example tte switching means 7 may comprise a relay
containing a conductivéreehigion 1 4thatcanlbemovedbyramagneticofield. Bdnusyrwhan Wecooil 13
generates a ma Hel,ti_%tf'_ Lle ﬁtkﬁelﬁgnqy‘gq%@ gler@@-m, 4 is maved from _,,f,_irfst osition to a second
position. In the flgfslt Eosﬁonﬁ 1[ e céﬁd’ﬁétiv%'Bler%etﬁ%g}étérgﬁgrﬁgdi}%% t‘l(ielg@'electrode SO as to
disconnect it from the detongtepinat of thelaogumerator] anayirethepsscond gegitiontheiag electrode
's connected (0 (g seGRNAIEHRINALGLIBL ACCUIBURIPL AP AR IR A rechargeable

accumulator comprising one or more metal-air cells, each 5¢c€ell comprising - a first terminal (1) and a
second termdinal (2), Thus, when the coil 13 generates a magnetic field, the conductive element 14

is moved {rom a first position to a second position. In the first position, the
conductive element 1s separated from the air electrode so as to disconnect it from the
second terminal of the accumulator, and in the second position the air electrode is

connected to the second terminal of the sccumulator.



a metal negative electrode (3) for a metal-air cell, connected to the first terminal (1), - a first positive
oxygen-releasing electrode (4), 10- a second positive electrode (5), which is a porous air electrode
containing at least one oxygen reducing catalyst, and an electrolyte, characterized in that it
furthermore comprises - control means (6) adapted to continuously compare the measured
voltage 15(V",) between the terminal (2) and the termindl (1) to a setpoint value (V,") and to send a
switch signal to switching means (7) when the measured voltage (V,") falls below the setpoint value
(Ve), the switching means (7) adapted to receive aCdwAtk¥ Signal originating from the control means
(6) and to connect and disconnect the air electrode 20(5) from the second terminal (2). 2. The
accumulator of claim 1, characterized in that the negative electrode (3) is a lithium electrode
(14/1,4011) or a zinc electagehZptZbi©1d)dR)ilator c@nphieacoumutaiareficiaiiad eeblainad,
characterize5d in U]Fz\t the firs,tn positive oxygen-releasing electrode (4) is a silver electrode (Ag/AgO) or a

nickel 75electrodé I\Clﬁ?%i%rﬁliOLl/NiOOll). 4. The accumulator as claimed in any one of the

preceding claims, characterizedtimithatlthe airdelectradeteompris@s carbon particles and on at least
one oxygen reducing Catglxsﬁ["ietai negative electrode (3) for a metal-air cell, connected to the {irst
terminal (1),
- a first positive oxygen-releasing electrode (4),
10 - a second positive electrode (5), which 1s a porous air electrode containing
at least one oxygen reducing catalyst, and
- an electrolyte,
characterized in that it furthermore comprises
- control means (6) adapted to continuously compare the measured voltage
15 (Vi) between the terminal (2} and the terminal (1) to a setpoint value (V)
and to send a switch signal to switching means (7) when the measured
voltage (V,,} falls below the setpoint value (V.),
- the switching means (7) adapted to receive a switch signal originating
from the control means (6) and to connect and disconnect the air electrode
20 (5) from the second terminal (2.

2. The accumulator of claim 1, characterized in that the negative electrode (3)
is a lithium electrode (Li/LiOH) or a zine electrode (Zn/Zn(OH)™).

3. The accumulator of claim 1 or claim 2. characterized in that the first
positive oxygen-releasing electrode (4) is a silver electrode (Ag/AgO) or a nickel

25 electrode (NY/NIO or NIOH/NIOOH).

4. The accumulator as claimed in any one of the preceding claims,
characterized in that the air electrode comprises carbon particles and on at least one
oxygen reducing catalyst,

5. The accumulator as claimed in any one of the preceding claims,

30 characterized in that the oxygen reducing catalyst in the air electrode is chosen from
the group formed by manganese oxide and cobalt oxide.

6. The accumulator as claimed in any one of the preceding claims,

characterized in that the setpoint value (V,) is set to a value lower than the open



S. The accumulator as claimed in any one of the preceding claims, 30characterized in that the oxygen
reducing catalyst in the air electrode is chosen from the group formed by manganese oxide and cobalt
oxide. 6. The accumulator as claimed in any one of the preceding claims, characterized in that the
setpoint value (V() is set to a value lower than the open 11 circuit voltage of the cell in the charged
state when only the air electrode is connected. 7.Mhe accumulator as claimed in any one of the
preceding claimsjrcharacterizedintbeatthie icorirolkcinmesns (Bjis ahwelectigmeehainicédtsalajediiven by
an 5operational am I|f|er 8. The accumulator as claimed in any one of the preceding claims,
characterized intha t‘heq’lrst positive electrode (4) takes the form of a grid or of a perforated plate and
lies between the negatite él&ctmdmzaddtdinezaircéténtcddén any 9nA mthed fﬁbcsidhiigg ahdhieleasing

electrical energy, sing an aFcunL{I%tor 10 s, claime (1 ne of theprec qg cdaums aid method
aracterized m tat the Contr TlLd!hS 1‘» d (.U‘ mechanical re IIVen Hdl
comprising the 6 OWIng successive steps: ase uringhe negative electro t3) IS

connected to the)mstttemhnaipdit);.the flrst positive electrode 4)is connected to the second terminal
(2) and the air electrodg (SI)h'S dié&%ﬂ (t)(?dasl%lod) a fi sgrglsd%gar&ng pfhalsg %l#&nc l\ﬁlglc (}Q}e negative
electrode (3) is connected

characterized in that the first positive electrode (4) takes the form of a grid or of a

perforated plate and lies between the negative electrode and the air electrode.
9. A method for storing and releasing electrical energy using an accumulator

10 as claimed in any one of the preceding claims, said method comprising the following

suCcessive steps:

(a) a charging phase during which the negative electrode (3) is connected to the
first terminal (1), the first positive electrode (4) 1s connected to the second
terminal (2) and the air electrode (5) is disconnected,

L5 {b) a first discharging phase during which the negative electrode (3) is connected
to the first terminal (1), the first positive electrode (4) is connected to the
second terminal (2), the air electrode (5) is disconnected, and the control
means (6) continuously compare the measured voltage (V) between the
terminal (2) and the terminal (1) to a setpoint value (V,),

20 {c) a first switching step during which the second positive electrode (5), which is
the air electrode, is connected to the second terminal (2} when the value of
the voltage between the terminal (2) and the terminal (1} falls below the
setpoint value (V.),

(d) a second discharging phase during which the negative electrode (3) is

o]
Ln

connected to the first terminal (1), and the air electrode (5) 1s connected 1o the
second terminal (2, and
(e) a second switching step during which the air electrode (5) is disconnected
from the second terminal (2).
10. The method as claimed in c¢laim 9, characterized in that in the first
30 switching step, the switching means {7) disconnect the {irst positive electrode (4)

from the second terminal (2).



to the first terminal (1), the first positive electrode (4) is connected to the second terminal (2), the air
electrode (5) is disconnected, and the control means (6) continuously compare the measured voltage
(Vm) between the terminal (2) and the terminal (1) to a setpoint value (V,), 20(c) a first switching step
during which the second positive electrode (5), which is the air electrode, is connected to the second
terminal (2) when the value of the voltage between thelterminal (2) and the terminal ) falls below the
setpoint value (V,), (d) aisethndwigchiargingaphase duiiighwhicihihe megadivie elegtraden3Yis

connected to the filr'ist tergn‘ilr!al (IJr) anc% ‘t}be air gleg;r dcf ES% ia.conne\qt.e ,,t(ﬁthe se.cogd_)}g(miggl (2),
and (e) a secon¢ %{N(’ipéﬁhbg%)ttep AURRG WRTCH A dir 12 APS 4B (BY 15 ik onne REEY 5 ThE %cond
terminal (2). (4 1Domheanethod @sdlaiimed in claim 9, characterized in that in the first 30switching
step, the switching means (7) disconnect the first positive electrode (4) from the second terminal (2).
12 1 I. The method as claimed in claim 9, characterized in that in the first switching step, the switching
means (7) do not disconnect the first positive electrode (4) from the second terminal (2).



